Background. Iron deficiency is a major health problem worldwide and especially in developing countries. Irondeficiency anemia has adverse effects on the development of children.
Introduction
Iron deficiency is the most prevalent nutritional disorder in the world [1] , and nearly 2 billion people suffer from anemia [2] . Iron deficiency is the most frequent cause of anemia [2] [3] [4] [5] . In particular, iron-deficiency anemia has negative effects on infants, preschool children, and school-aged children [1] . Iron-deficiency anemia is related to a variety of developmental and behavioral measures. Iron-deficiency anemia is associated with a decrease of 10 to 15 points in the Bayley Scales of Infant Development, presumably due to a direct effect on the brain [6] . In the United States among adolescent girls, 9% are iron deficient and 2% have anemia [4] . The prevalence of anemia among children under 5 years of age is estimated to be about 20% in industrialized countries and 39% in nonindustrialized countries [1] . Iron-deficiency anemia is a major problem in Iran. According to the World Health Organization (WHO) classification, the prevalence of anemia in Iran is in the moderate category, which means that 10% to 39% of women and schoolgirls of reproductive age have hemoglobin concentrations below their reference values [7] . It is estimated that about 18% to 38% of Iranian children under 5 years of age are anemic [8] .
Materials and methods
The study was designed as a randomized, crosssectional survey to determine the prevalence of irondeficiency anemia among children 6 to 59 months of age in Ahwaz District, the capital city of Khuzestan Province, located in southwest Iran. Primary health care in the rural areas is provided by Health Houses, each of which is capable of serving 1,500 people. Each Health House has at least one male and one female health worker (behvarz). The main function of a Health House is to provide primary health care services to its community. The urban Health Center is the official equivalent of the rural Health Center in the city and Bijan Keikhaei, Khodamorad Zandian, Ali Ghasemi, and Ramin Tabibi
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The study was done in the urban and rural areas of Ahwaz, and two lower stages of the health care system (urban and rural Health Houses and Centers) were involved. Eight Health Houses and Centers were randomly selected, four in urban and four in rural areas. In the current study, the main variable was iron-deficiency anemia, which is a categorical variable. On the basis of previous similar studies, the prevalence of irondeficiency anemia was estimated to be around 30%. For sample size calculation, power was determined as the study = .80 and alpha ( . ) was equal to .05 (according to the previous studies); our estimation for the sample size was as follows:
where N is the estimated sample size, Z equals the standard normal deviate at confidence level of more than 95%, P is the prevalence of iron-deficiency anemia, and D is the absolute precision.
The participants were randomly selected from children 6 to 59 months of age. In the current study, the databases of the Health Centers were used to choose 40 children in each region by random selection.
Children who had a history of recent infection, liver disease, or ongoing high fever were excluded from the study because ferritin is an acute reactant-phase protein. The height (or length) and weight of the children were measured without shoes and adjusted to age by the Iranian children's standard Health Centers.
After the parents had been interviewed and anthropometric measurements had been completed, the child was taken to the laboratory of the urban Health Center or to the vaccination room in rural areas, and 4 mL of blood was collected by venipuncture. The nurse put 1 mL of blood in ethylenediaminetetraacetic acid (EDTA) for complete blood count test (CBC) and 3 ml as clot sample for serum ferritin. The child's name, the date of sampling, the identification number, and the name of the Health Center (in urban or rural areas) were recorded on the blood tubes. In the laboratory, a complete blood count was performed on the uncoagulated blood by an enzyme-linked immunosorbent assay (ELISA) with a DIA plus kit.
Results
There were 337 participants: 165 (49%) boys and 172 (51%) girls. The percentages of boys and girls were 48.2% and 51.8% in the urban areas and 49.7% and 50.3% in the rural areas, respectively. The average age of the children was 31.1 ± 16.05 months. Most of the children were Arabian (79.8%), and the rest belonged to different Persian (Fars) tribes. One hundred sixtyfour (48.7%) were from urban areas and 173 (51.3%) from rural areas. The majority of the families (63.5%) had one or two children.
According to the survey results, the majority of mothers breastfed their babies for 13 to 24 months and fed them powdered milk for 7 to 12 months. In 11 families (3.3%), the child was breastfed and given cow's milk at the same time (mean, 10.55 ± 8.4 months). Fifteen families (4.4%) gave cow's milk to their children (mean, 11.13 ± 6.19). Only one family gave goat's milk to their child. Tea is a very popular drink in the south of Iran, especially in Khuzestan Province. One hundred thirty-one families (38.9%) reported giving tea to their children (mean, 18.11 ± 13.11 months); 34.5% of families gave at least one cup of tea per day to their children, and 34% gave their children tea for 1 to 10 months.
Twenty-six children (7.7%) were of low birthweight (< 2,500 g), but the majority weighed more than 2,500 g at birth (mean, 3,162.4 ± 501.6 g). The great majority of the children (92.3%) were between 47 and 54 cm in length at birth (mean, 49.4 ± 2.5 cm).
Almost half of the children (46.1%) were in the third centile of weight (mean, 12,428.3 ± 2,893.2 g). More than one-third of the children (38.9%) were in the third centile (mean, 88.3 ± 12.3 cm) of height (or length). According to the parents' statements, 12.2% of the children had a history of pica, and 12.8% of the mothers mentioned that their child had unusual crying. Table 1 shows the complete blood count and serum ferritin results according to sex and urban versus rural residence. Girls had better blood-test results than boys, but there were no significant differences between urban and rural areas except for a higher level of serum ferritin in rural than in urban areas (27.11 vs. 10.17 µg/L). Table 2 shows the same hematologic indices for children with iron-deficiency anemia. Girls had slightly better findings than boys. The results in urban and rural areas were nearly the same, although urban areas had slightly higher values of mean corpuscular volume, mean corpuscular hemoglobin, mean corpuscular hemoglobin concentration, and serum ferritin.
Among the 337 participants, there were 98 cases (29.1%) of iron-deficiency anemia (hemoglobin < 11 g/dL and serum ferritin < 12 ng/mL). Two hundred six (61.1%) were iron deficient (serum ferritin < 12 ng/mL), and 148 (43.9%) had anemia (hemoglobin < 11 g/dL). There was no significant difference in the prevalence of anemia between the rural and the urban areas. The highest prevalence was in the 6-to 11-month age group (60.0%); in the urban areas, the prevalence was 45.7% in this age group, and in the rural areas the prevalence was 27.3% in the 25-to 36-month age group (table 3) .
The families in this study had one to nine children. The prevalence of anemia was highest in families with six or more children (47.1%); in rural areas 35.3% of cases of anemia were in this group, whereas in urban areas only 11.8% of cases of anemia were in this group.
The majority of anemic children were from families in which the father's literacy level was low (primary school) or the mother was illiterate (57% and 77.1% of cases, respectively). Anemia was most frequent in families of lower economic status. The prevalence of anemia was mostly seen in children weighing less than 2,500 g at birth (53.8%).
On the other hand, in the urban areas, the prevalence of iron-deficiency anemia was highest in families in which the mother had a higher education degree (33.3%); mothers with higher education and illiterate mothers had an equal chance of having a child with iron-deficiency anemia (33.3%). However, in the rural areas, the prevalence of iron-deficiency anemia was highest in families in which the mother had a high school degree (44.4%). The association between parents' education and iron-deficiency anemia was statistically significant.
The highest prevalence of iron-deficiency anemia was seen in families in which the father was unemployed (43.5%). Families in which the mother was working in the private sector (non-governmental organizations) had the highest rate of iron-deficiency anemia among their children (50.1%). The association between mother's job and iron-deficiency anemia in the children was statistically significant; mothers who worked in the private sector had a 0.063 (6%) higher chance of having a child with iron-deficiency anemia.
There was no statistically significant relationship between iron-deficiency anemia in children and their parents' ethnicity. The prevalence of low birthweight among the children was 7.7%. The prevalence of iron-deficiency anemia was higher in low-birthweight children than in children of normal birthweight (34.6% vs. 28.6%) and higher in rural low-birthweight children than in urban low-birthweight children (45.5% vs. 28.2% ), but these associations were not statistically significant. There were no statistically significant associations between iron-deficiency anemia and other anthropometric measurements, i.e., birth length, present weight, and present height (or length).
The prevalence of iron-deficiency anemia was highest among children 12 to 24 months of age in the total population and in the rural areas (35.4% and 41.7%, respectively). In the urban areas, the prevalence was highest among children under 1 year of age (40.7%). There was no statistically significant association between the child's age and iron-deficiency anemia.
The prevalence of iron-deficiency anemia was highest among children of families who bottle-fed their children for 13 to 24 months in the total population and in the urban areas (24.3% and 22.7%, respectively). In the rural areas, the prevalence was highest (57.1%) in families who gave powdered milk to their children for 7 to 12 months.
In the total population, the highest prevalence of iron-deficiency anemia was seen in the families who gave tea to their children for 1 to 11 months (31.5%) and those who gave their children two cups of tea daily (32.1%).
Discussion
Iron-deficiency anemia is a widespread and preventable micronutrient deficiency. In primary health care, the priority is prevention rather than treatment [6] .
Our results are similar to those of Kadivar et al. [9] in Fars Province and Karimi et al. [10] in Yazd Province in central Iran. In both studies there was no statistically significant relation between iron-deficiency anemia and sex. Similar studies in other parts of the world reached the same conclusion [11] . However, Domellöf et al. [12] found that there were substantial sex differences in hemoglobin concentration and other hematologic iron indices during infancy. They suggested several reasons for this; for instance, boys may be born with smaller iron resources because of their higher birthweight or may have more infections than girls. Domellöf et al. concluded that infant boys were at considerably higher risk of iron deficiency [12] .
Young mothers were nearly twice as likely (odds ratio, 1.91) to have a child with iron-deficiency anemia than those in the baseline group of mothers 25 to 34 years of age [1] . In our sample of young mothers, 26.7% were illiterate, and 39.6% had a family income below the poverty line of 1,500,000 rials (US$160) per month.
Within this group of young mothers, 79.5% were of Arab ethnicity; 4 out of 9 of their children (44.4%) had iron-deficiency anemia. Thus, it seems that younger mothers with frequent pregnancies were at greater risk of having children with iron-deficiency anemia.
Newborns of iron-deficient mothers have lower iron stores, with lower birthweights [2, 13] , and a higher chance of preterm delivery [14, 15] .
In this study, the highest prevalence of iron-deficiency anemia among children of young mothers was seen in children of 20-year-old mothers (52%). Twenty-year-old mothers living in urban areas had a greater chance of having a child with iron-deficiency anemia (87.5%) than other mothers in the same age group (15 to 24 years old). Further analysis of data from young mothers surprisingly revealed that all 20-year-old mothers in rural areas had three to five children, had family incomes below the poverty line (two-thirds of the fathers were unemployed), and were of Arab ethnicity.
Multiple risk factors appear to contribute to a higher prevalence of iron-deficiency anemia, and there was a surprising complex of risk factors: young mothers have multiple children without enough spacing between pregnancies due to factors such as lack of access to or use of proper contraceptives, illiteracy, low income, lack of hygiene, infections, and cultural factors (e.g., in some tribes families have more children or prefer male children). However, according to the UNICEF/ United Nations University/World Health Organization/ Micronutrient Initiative guidelines for iron-deficiency anemia [1] , birth spacing helps women to recover from iron loss due to pregnancy.
Investigation of the parents' educational level and the prevalence of iron-deficiency anemia in Ahwaz indicated a paradox: that both parents who were illiterate, as well as those with higher education, had the highest percentage of children with iron-deficiency anemia. While our study, as well as others [16, 17] , found an association between economic status and iron-deficiency anemia, evaluating household economic status poses substantial problems, and data related to assets, household income, and expenditure indicators are usually unreliable or unavailable in many developing countries [18] .
In the current study, iron-deficiency anemia was most frequent in the families with lower income, a result in agreement with the WHO statement. Dietary limitations contribute to increase the rate of iron-deficiency anemia in Iran. For example, red meat, which is one of the main sources of heme iron, is expensive in Iran, as in many other developing countries. Bhargava et al. [17] point out that the high cost of products like red meat, fish, and poultry restricts their consumption by people of lower income groups in countries. Many Iranian families with low incomes may not be able to purchase adequate meat for their children's needs.
In Ahwaz, iron-deficiency anemia was more prevalent among children with a history of preterm delivery. Prematurity is one of the main causes of neonatal death [19] .
In our study, most children with iron-deficiency anemia were in the 12-to 24-month age group (second year of life), whereas in the urban areas infants 6 to 11 months of age (breastfed and formula-fed) had the highest prevalence of iron-deficiency anemia.
The relation between sex and iron-deficiency anemia was different in rural and urban areas. The prevalence of iron-deficiency anemia was lower in boys than in girls in the city (25.3% vs. 30.6%) and higher in boys than in girls in the rural areas (36.1% vs. 24.1%).There are several possible explanations for this difference: for instance, cultural beliefs such as that giving red meat to children will make them ill or cause parasitic diseases (especially worms). In addition, some tribes pay more attention to boys (especially in rural areas), so there may be some discrimination between boys and girls. Other cultural factors that may contribute to sexrelated differences in the prevalence of iron-deficiency anemia are education, ethnicity, and religion.
In this study, there was no significant difference between urban and rural areas in the relation of breastfeeding and iron-deficiency anemia, although the mean duration of breastfeeding was longer in children without than in children with iron-deficiency anemia (17.6 vs. 16.3 months, p > .05). Our findings are consistent with those of Heidarnia et al. [20] , who reported a mean breastfeeding duration of 17.4 ± 6.3 months.
In this study, families who gave tea to their children for 1 to 11 months and those who gave their children two cups of tea per day had the highest prevalence of children with iron-deficiency anemia.
Conclusions
The main cause of iron-deficiency anemia in children under 5 years of age, inappropriate nutrition, is affected by a series of socioeconomic and cultural factors. In this survey, the results of the fieldwork showed that in Ahwaz District of Khuzestan Province, there was a high prevalence of iron-deficiency anemia among infants and children. The prevalence is the same in urban and rural areas and in both sexes. Statistically it was proven that having a young mother and being in a family with six or more children were the best predictors for increased prevalence of iron-deficiency anemia among children under five. The mother has a vital role in feeding and in growth of the children (both physically and mentally). It was shown that there are several main risk factors for iron deficiency and anemia among children, such as parental illiteracy, low family income, and feeding cow's milk before 12 months of age.
Numerous studies have shown that pregnant women are at high risk for iron-deficiency anemia. During pregnancy and after delivery, women lose part of their body iron resources that should be recovered through dietary intake or iron supplementation. In this study, iron-deficiency anemia was more prevalent in children of families with young mothers than in children of families with older mothers.
We found that the failure to allow adequate time between pregnancies among young mothers because of poverty, cultural beliefs, lack of knowledge, or unavailability of or unwillingness to use contraceptives for birth control is a factor that has contributed to making this easily preventable nutritional disease a major health problem in southwest Iran.
Another important issue that emerged in this research is the higher prevalence of iron-deficiency anemia among younger children (12 to 24 months), who are a high-risk group for iron deficiency. Other studies [4] have also shown that children 6 to 24 months of age are at higher risk for iron-deficiency anemia than children in other age groups [2, 4, 20] . It is necessary to deal with this problem carefully, because any association between the economic situation of the investigated families and iron-deficiency anemia in the children was not statistically proven in this research (perhaps due to inadequate assessment of the family income through the survey); however, an association of iron-deficiency anemia in the children with other factors (e.g., the number of children) was confirmed. It is true that in developing countries, including Iran, there is some relation between family size and family economic situation; usually lower-income families have more members, and consequently the mother of the family, who is usually not educated or less educated, has to sacrifice quality of food for quantity. Instead of buying red meat, poultry, or fish, which are the main sources of protein and iron, the parents have to provide cheaper foods such as rice and bread to satisfy the children's hunger.
